We construct a dark energy model with a phantom scalar field, a standard scalar field, and a polynomial potential inspired by string field theory. We find a two-parameter set of exact solutions of the Friedmann equations. We find a potential satisfying the conditions obtained from the string theory and such that at large times, some of the exact solutions correspond to the state parameter wDE > −1 while the others correspond to wDE < −1. We demonstrate that the superpotential method is very effective for seeking new exact solutions.
Introduction
One of the most important recent results in cosmology is the conclusion that the combined analysis of data obtained from studying type-Ia supernovae and galaxy clusters and from experiments with the Wilkinson microwave anisotropy probe (WMAP) gives strong evidence for the accelerated cosmic expansion [1], [2] .
The cosmological acceleration indicates that the present-day universe is dominated by a smoothly distributed, slowly varying cosmic fluid with negative pressure, the so-called dark energy (DE) The standard way to obtain an evolving state parameter is to include scalar fields in a cosmological model. Under sufficiently general assumptions in the framework of a four-dimensional model with one scalar field, only one of the following possibilities can be realized: either w DE ≥ −1 (quintessence models) or w DE ≤ −1 (phantom models) [10] . Two-field models with a crossing of the cosmological constant barrier w DE = −1 are known as quintom models and include one phantom scalar field and one standard scalar field. We note that most of the phenomenological models describing a crossing of the cosmological constant barrier [11]-[14] include either several scalar fields or modified gravity.
String and D-brane theories have currently found cosmological applications related to the accelerated expansion of the universe. In phenomenological models describing the case w DE < −1, all standard energy conditions are violated, and there are problems with stability at the classical and quantum levels (see [5] 19] ), describes brane decay with a slow transition to a stable vacuum corresponding to closed-string states. The four-dimensional gravitational model with a phantom scalar field is regarded as a string theory approximation, which allows solving the instability problem.
Here, we consider a stringy gravitational model with two scalar fields and a polynomial potential. The proposed model is a generalization of a one-field cosmological model described in [18] . The first two-field generalizations of this one-field model have one-parameter sets of exact solutions [20] . Here, we construct a new model with a two-parameter set of exact solutions. We obtain w DE < −1 at large times for some parameter values and w DE > −1 at large times for other parameter values. We note that the different large-time behaviors of w DE correspond to the same potential and identical asymptotic conditions for the fields.
Two-field model related to string field theory
We consider a model of the spatially flat Friedmann-Robertson-Walker universe with a phantom scalar field φ and a standard scalar field ξ. A phantom scalar field represents the open string tachyon, and the standard scalar field corresponds to the closed string tachyon [17] , [20]-[22] . Because the origin of the scalar fields is connected with the SFT, the action contains the typical string mass M s and a dimensionless open string coupling constant g o :
where M P is the Planck mass. The Friedmann metric g µν is spatially flat:
where a(t) is a scale factor. The coordinates (t, x i ) and the fields φ and ξ are dimensionless. If the scalar fields depend only on time, then the equations of motion are
φ + 3Hφ = ∂V ∂φ ,ξ + 3Hξ = − ∂V ∂ξ .
For brevity, we use the dimensionless parameter m Here, the Hubble parameter is H ≡ a(t)/a(t), and a dot denotes the time derivative. We note that only three of the four differential equations (2)-(4) are independent.
The DE state parameter w DE can be expressed in terms of H:
